The action of the W -tetramethylguanidinium salts of a number of oximes on 5'-0-methoxytetrahydropyranylthymidylyl-(3 '->5') -3'-0-methoxytetrahydropyranylthymidine aryl esters (7a-c) in dioxan-water (1:1 v/v) has been investigated.
INTRODUCTION
In the late 1960s, we suggested the use of the phenyl and other aryl (including o-chlorophenyl, o-fluorophenyl and p-chlorophenyl) groups for the protection of internucleotide linkages in the phosphotriester approach to oligonudeotide synthesis.
However, it soon became apparent that the removal of such aryl protecting groups by alkaline hydrolysis is accompanied by the occurrence of a significant amount of internucleotide cleavage. No satis-4 factory solution to this problem was found until 1978 when we reported that the unblocking of o-chlorophenyl protected oligodeoxyribonucleotides with the conjugate base of sj/n-4-nitrobenzaldoxime (1) or 8j/n-pyridine-2-carboxaldoxime (2) is accompanied only by a small and acceptable amount of internucleotide cleavage.
Our attention was first drawn to the possible use of the conjugate base of 2_ for the unblocking of aryl-protected internucleotide linkages by the report that it reacted rapidly with isopropyl methylphosphonofluoridate 0,N H OH (Sarin), a powerful inhibitor of cholinesterase.
In a later study, Bunton and Ihara reported that the conjugate base of 1^ reacted with diphenyl 4-nitrophenyl phosphate even more rapidly, in the presence of a micellar cata-4 lyst, than the conjugate base of 2.
Our own conclusions , based on studies with o-chlorophenyl protected oligonucleotides under reaction conditions not 6 involving micellar catalysis, differed from those reported by Bunton and Ihara and indeed we have since established (see below) that the conjugate base of 2_ is the more reactive unblocking agent.
Nevertheless, we initially favoured the use of 4-nitrobenzaldoximate ion as the excess of oxime (1) and the resulting 4-nitrobenzonitrile (3) may then both be readily removed by extraction at the end of the unblocking process.
In our original experiments, we used 5'-O-methoxytetrahydropyranylthymidylyl-(3 '-*-5') -thymidylyl-(3 '->-5 •) -thymidylyl-(3 '+5 ') -3 ' -0-methoxytetrahydropyranylthymidine tri-(o-chlorophenyl) ester, d[Mthp-TpTpTpT-Mthp] as the
principal substrate and came to the conclusion that much of the small amount (oa. 2%) of the nucleotide cleavage products detected after the removal of all of the protecting groups was derived from an impurity in the substrate. As 7 8 9 we and other research workers have since used the oximate procedure widely for unblocking aryl-protected internucleotide linkages, we thought that it should be subjected to a more detailed investigation. We have therefore carried out a study involving several oximes in addition to 1^ and 2_ and have also examined the dependence of the rate of the unblocking reaction on the nature of the aryl protecting group used.
RESULTS AND DISCUSSION
The main substrates used in the present study were the o-chlorophenyl, pchlorophenyl and phenyl esters of 5'-O-methoxytetrahydropyranylthymidylyl-O'->-5' )-3'-0-methoxytetrahydropyranylthymidine (7a^, 7b_, and Tc, respectively).
We suggested this simple notation for protected oligonucleotides in a previous publication : methoxytetrahydropyranyl and 2-dibromomethylbenzoyl protecting groups on terminal hydroxy functions are denoted, respectively, by Mthp and Dbmb, thymidlne residues are denoted by T, and o-chlorophenylprotected phosphate esters (in both phosphotriester internucleotide linkages and terminal phosphodiester groups) are denoted by p.
These substrates were prepared from 5 1 -and 3'-O-methoxytetrahydropyranylthymidines ' (4_ and <5, respectively) by our usual synthetic procedures (see Scheme I and Experimental) which do not now call for special comment. Particular care was taken in the chromatographic purification of these substrates.
Some experiments were also carried out with 5'-0-methoxytetrahydropyranylthy-
, the substrate used in our 4 original study . The latter material (14a) was also prepared by our usual synthetic methods (see Scheme II and Experimental) and again considerable care was taken to isolate 14a in as pure a state as possible.
For this reason, the actual isolated yield of 14a was rather modest. We then found that 2fi. reacted with TMG and sj/n-pyridine-2-carboxaldoxime (2) (experiment no. 7) , one of the two 4 oximes used in our original study , at the same rate as it did with 2-nitrobenzaldoximate ion (experiment no. 4 ) . We nevertheless are of the opinion that 15a is to be preferred to 2_ as, in general, the former reagent (15a) should be more easily removable by extraction at the end of the unblocking process. However, the rate of the reaction between TMG, 16a and the p-chlorophenyl protected dinucleoside phosphate (7b) (experiment no. 9) suggests that 16a is a relatively unreactive unblocking 14 agent. Finally, we showed that 2-oxopropanal-l-oxime (16b) was an appreciably slower unblocking agent than butan-2,3-dione monoxime (16a): the halftime of the reaction between TMG, 16b and la. (experiment no. 10) was found to be 1 hr. It is noteworthy that 16b was the most acidic oxime investigated and that oximes with pK 's ( Table 1) close to 10 proved to be the most effeca tive unblocking agents.
Schemes• Preparation of Substrates

I. d[Mthp-T-OH] ( i ) • d[Mthp-Tp] + d[HO-T-Mthp
In order to be useful unblocking agents in oligonucleotide synthesis, oximes must fulfil two main criteria. First, they must bring about the unblocking of internucleotide linkages relatively rapidly and secondly, very little, if any, internucleotide cleavage should occur during the unblocking process. The first criterion is clearly met both by sj/n-2-nitrobenzaldoxime (15a) and sz/n-pyridine-2-carboxaldoxime (2^) in the unblocking of the a-chlorophenyl protected dinucleoside phosphate (Ja) ( Table 1 , experiments nos. 4 and 7, respectively) and by sz/?J-2-nitrobenzaldoxime in the unblocking of its pchlorophenyl protected isomer (7b) (experiment no. 5 ) . In order to find out how well the second main criterion was met, we analyzed (by h.p.l.c.) the un- from phenols which are as acidic as or more acidic than p-chlorophenol.
Although the internucleotide linkage of an oligonucleotide containing only one phosphotriester group (e.g. 25.) m a y b e unblocked in 30 min at room temperature (Table 1 , experiment no. 4 ) , it seemed quite possible that the complete unblocking of a relatively high molecular weight oligonucleotide containing a number of protected internucleotide linkages would take much longer.
Unfortunately, the unblocking process becomes harder to monitor as the number of phosphotriester groups is increased.
We nevertheless thought that it should be possible to follow the unblocking of 5'-0-methoxytetrahydropyranyl-
either by h.p.I.e. or t.l.c, and thereby obtain some evidence as to whether the rate of the unblocking process is dependent on the number of phosphotriester groups in the protected oligonucleotide.
II
The reaction between 14a and the conjugate bases of si/n-4-nitrobenzal- unblocking of 14a (Table 2) were more difficult to make than those for the unblocking of 7a^ (Table 1) ; the former estimates may therefore be less accurate.
Finally, it should be noted that sj/n-pyridine-4-carboxaldehyde (17) is a much less effective unblocking agent (experiment no. 15) than the corresponding 2-isomer (2) (experiment no. 13). This disparity in effectiveness between 17_ and 2_ is even greater than that between sj/n-4-nitrobenzaldoxime (1) and Si/n-2-nitrobenzaldoxime (15a) (experiments nos. 11 and 12, respectively) .
As the accuracy of the t^ estimates for the unblocking of the fullyprotected tetranucleoside triphosphate (14a) was uncertain, it was decided to treat a known quantity of the latter substrate (14a) with the conjugate base The results obtained are indicated in Table 3 .
The concentrations of substrate (14a) and oximate ions (derived from 1^ or 15a) were approximately the same as in the above t.l.c. experiments (Table 2) . When the conjugate base of 8i/n-4-nitrobenzaldoxime (1) was used, it may reasonably be assumed that the unblocking reaction was complete after 16 hr (Table 3 , experiment no. 21) and it therefore follows that it was only oa. 80% complete after 70 min (experiment no. 19) . On the other hand, when the conjugate base of sj/ra-2-nitrobenzaldoxime (15a) was used, the reaction appeared to be complete after 70 min -tetramethylguanidinium salt of oxime U or 15a) for the time indicated.
The products were then subjected to acidic hydrolysis and the unprotected dlTpTpTpT] was isolated by chromatography on DEAE-Sephadex A25. krhese experiments were carried out with 0.005g of substrate (14a) and the actual amounts (A267 units) of isolated dlTpTpTpT] have been doubled. Although there appears to be some disparity between the detailed results in Tables 2 and 3 Anion-exchange chromatography on DEAE-Sephadex A-25 was carried out with linear gradients of triethylammoniuni hydrogen carbonate buffer (pH 7.5).
Dioxan, acetonitrile and pyridine were dried by heating, under reflux, with CaH 2 for 3 -5 hr; these solvents were then distilled at atmospheric pressure and stored over molecular sieves (no. 4A). The results obtained are collected in Table 2 . 
